Empirical evidence on the so-called 'weekend-effect' on stroke mortality is mixed with some studies reporting significantly higher mortality for weekend admissions and others finding no difference. The aim of this paper is to enhance the evidence on the weekend-effect on stroke mortality using a rich stroke registry data set from Upper Austria and to discuss underlying reasons for the heterogeneity in results. Using logistic regressions and ordinary least squares regressions with hospital and year-fixed effects, the outcomes of weekend versus weekday admissions are compared for patients admitted to 16 hospitals in Upper Austria with transient ischemic attack (TIA), cerebral infarction or hemorrhage between 2007 and 2015. The primary outcomes include in-hospital mortality, 30-day and 90-day all-cause mortality as well as the length of hospital stay. In addition, we analyze differences in process-quality indicators between weekdays and weekends. Our results show that on weekends there are on average 25% fewer admissions than on weekdays with significantly higher in-hospital mortality. Adjusting for case-mix, the association between weekend admissions and mortality becomes null suggesting that the higher mortality on weekends is explained by heterogeneities in admissions rather than health-care quality.
Introduction
According to the Global Burden of Disease Study, cardiovascular diseases are among the worldwide leading causes of deaths [1] [2] [3] . Stroke being one of the most frequent neurological emergencies [4] , accounts for more than one-third of these deaths [1] . Due to its high prevalence [5] [6] [7] and the intensity of health care resources devoted to its treatment [4] , stroke is one of the most economically important diseases all over the world [8] . Strokes start suddenly and manifest themselves with an acute onset of a central nervous deficit on the basis of a vascular pathology lasting longer than 24 h [9] . There are two main subtypes of strokes: (1) cerebral infarction and (2) cerebral hemorrhage. The identification is based on imaging (CT or MRI) and determines the course of treatment. Neurological disorders with a significantly shorter duration are called Transient Ischemic Attack (TIA) [10] .
As a medical emergency, timely and adequate treatment of patients with acute stroke is key for the limitation of brain damage and the achievement of the best possible outcomes [11, 12] . This being the case, the access to and the quality of health care should be independent from the day and time of the onset of a stroke. Nevertheless, there exist several studies from different countries showing that patients with acute ischemic or hemorrhagic stroke face worse outcomes when admitted to the hospital on weekends compared to weekdays [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . This phenomenon termed the 'weekend-effect' is not restricted to stroke patients, but has been shown for other conditions as well [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . The most prominent explanation for the observed difference in outcomes between weekday and weekend admission are disparities in resources and expertise between weekends and weekdays with the policy implication being to increase the quality of care on weekends to overcome the weekend-effect.
However, the evidence on the weekend-effect is not conclusive. There exist almost as many studies not finding support for the differences in outcomes between weekend and weekday admissions for stroke patients [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] . Different explanations have been put forward to interpret the null result. Using prospective databases Albright et al. [41, 45] for instance, ascribe the missing weekend-effect in their studies to the 24/7 availability of stroke specialists in comprehensive stroke centers in the United States. Turin et al. [42] , using data from a stroke registry in Japan, show that the differences in mortality rates between weekend and weekday admissions disappear when the mortality rate was based on the day of onset and not the day of admission. Similarly, Hsieh et al. [47] using insurance claims data from Taiwan and Jauss et al. [43] using data of a prospective hospitalbased stroke registry from Germany conclude that the weekend-effect is not a health care effect but an admission effect with less but more severe admissions on weekends compared to weekdays.
One major difference between most studies finding support and those not finding support for the weekend-effect is that the latter adjust for case-mix by incorporating an appropriate severity measure, most often the National Institute of Health Stroke Scale (NIHSS), in their statistical analysis. The NIHSS, originally intended as research tool for clinical trials and now widely used as a clinical assessment tool, is a 42-point scale that measures neurological deficit [55] . Rost et al. [55] show that a baseline NIHSS score is the most reliable predictor of acute stroke outcomes explaining 11.3-25% of total variation in outcomes, whereas other severity measures such as the comorbidity index only account for 0.7-4%. Therefore, failure of proper adjustment of case-mix could result in differences in mortality rates between weekend and weekday being driven by differences in patient characteristics rather than differential health-care quality on weekends.
In this paper, we want to build on the insights from previous studies and investigate whether there exists a weekendeffect for acute stroke patients in Austria and if so whether the difference is driven by case-mix or by differences in health care. Up to now, we are not aware of any study investigating the weekend-effect in Austria. Even though the inconsistencies in findings do not seem to follow a regional or a health care system pattern, there exists no study investigating the relationship between health care system types and the weekend-effect. As such, it is important to extend the evidence on the weekend-effect to countries and health care
settings not yet captured in the literature. Furthermore, this study aims at enhancing the evidence on the mixed findings regarding the weekend-effect by discussing possible underlying reasons for the heterogeneity in results.
Methods
We used individual patient-level data from a prospective hospital-based stroke registry from Upper Austria, a federal state with 1.47 million inhabitants [56] , containing all hospital admissions with one of the following primary diagnoses according to the International Statistical Classification of Diseases and Health Problems, 10th revision (ICD-10): (1) I63 cerebral infarction, (2) I60-I62 cerebral hemorrhage, (3) G45 transient ischemic attacks (TIA) and (4) I64 stroke not specified as hemorrhage or infarction. The registry contains and combines claims data from the Austrian LKF system 1 provided by the federal state of Upper Austria, hospital documentation data from 16 hospitals, transport data provided by emergency medical services and rehab data provided by rehabilitation facilities. A pseudonymized insurance number serves as unique patient identifier to match all data sources. Beside day of admission and discharge, age, patient sex, primary diagnosis, in-hospital mortality, 30-day, and 90-day all-cause mortality, the registry also contains information on the stroke severity measured with the NIHSS, the modified Rankin scale and Barthel index at admission and discharge as well as health-care quality indicators such as door-topicture time, transport time or swallow screening.
Using Chi square tests for categorical variables and t tests for continuous variables, patient characteristics, outcomes and process-quality indicators as indicated in Table 1 are compared between weekday admissions and weekend admissions where weekend admissions are defined as Saturday and Sunday hospital admissions. Multivariate logistic regression models using hospital and year-fixed effects are used to estimate the odds ratio for in-hospital, 30-day and 90-day all-cause mortality for weekend versus weekday admissions adjusting for case-mix (sex, age, stroke severity measured by the NIHSS) and hospital characteristics (whether the hospital has a stroke unit or not). Ordinary least squares regression models using hospital and year-fixed effects are used to estimate the difference in length of hospital stay between weekend and weekday admission adjusting for case-mix (sex, age, stroke severity measured by the NIHSS) and hospital characteristics (whether the hospital has a stroke unit or not). All the regression models are estimated for all patients jointly as well as for the three diagnoses cerebral infarction, cerebral hemorrhage, and TIA separately.
Results

Univariate analysis
For the underlying study, data from January 1, 2007 until December 31, 2015 containing 48,335 stroke cases are available. In the analysis, only patients with acute stroke or TIA are included. Thus 4070 patients with diagnosis I64 are excluded from our analyses. Table 1 shows summary statistics for various patient and health-care characteristics as well as outcome measures by day of admission (weekend versus weekday). Note that there is some variation in the available number of observations between the different variables due to missing data. In total, 44,265 cases are admitted from 2007 until 2015 with a cerebral infarction (55%), cerebral hemorrhage (17%) or TIA (28%). 49.85% are male, the median age is 75 (mean 72.4). When analyzing differences in patient characteristics, outcomes and process quality indicators between weekend and weekday admission, Table 1 shows that the case-mix of patients admitted on weekends is different than on weekdays with relatively less patients diagnosed with TIA on weekends and relatively more patients diagnosed with cerebral infarction (p value < 0.01, χ 2 tests). Furthermore, patients on weekends are older (p value < 0.01, t test) and have more severe neurological deficits/symptoms shown by a higher score on the NIHSS and the Rankin scale as well as a lower value for the Barthel index (p values < 0.01, t tests).
Differences also exist with respect to stroke outcomes with patients admitted on weekend having worse outcomes compared to patients admitted on weekdays, the supposed weekend-effect. In-hospital mortality, for instance, is 9.93% on weekends compared with 8.26% on weekdays (p value < 0.01, 2 -test). Also 30-day and 90-day all-cause mortality are higher for weekend admissions. The average length of hospital stay for weekend admissions amounts to 13.2 days compared with 12.59 days for weekday admissions (p value < 0.01, t test). Also the costs for treating 2 -tests are used for categorical variables and t tests for continuous and ordinal variables a Ordered variable with 5 categories (1 "prior to admission", 2 "less than 0.5 h", 3 "0.5 h to 1 h", 4 "1 h to 6 h", 5 "more than 6 h") What's more, when analyzing process-quality indicators, significant differences between weekend and weekday admissions exist. On weekends 25.28% of patients involve an emergency doctor's car in the transport of the patient compared to 22.49% on weekdays (p value < 0.01, 2 -test). Also the share of patients with a previous notice of the ambulance prior to admission is higher on weekends than on weekdays. Both, the time span from admission to imaging and the travel time to pick up a patient are lower on weekends than on weekdays. Finally, patients are transferred more often to another hospital on weekends compared to weekdays. For the other process-quality indicators there is no statistical significant difference between weekend and weekday admission.
From the univariate analysis of patient characteristics, outcomes, and process quality indicators, we do not find support for the hypothesis that the increased mortality and the longer hospital stays for weekend admissions are driven by lower health-care quality or resources on weekends since none of the process quality indicators shows worse quality of care on weekends compared to weekdays. If anything, most quality indicators show faster and better health care on weekends suggesting a higher urgency of cases admitted on weekends.
Admissions by day of the week
A more detailed graphical representation of our primary outcomes by the day of admission is shown in Fig. 1 . Panel a shows the mean length of stay measured in days from admission to discharge and panels b-d show the different mortality rates by day of admission. Independent from the outcome, Fig. 1 shows a slight increase in mortality rates between Monday and Friday and a sharp increase for Saturday and Sunday admissions. A similar increasing trend is apparent for the length of hospital stays with Monday admissions staying on average 12 days in hospital and Sunday admissions more than 13 days.
When analyzing admissions more in detail, Fig. 2 shows in panel a that the distribution of admissions by day of the week is not uniform (p value < 0.01, Chi square goodness of fit test). The share of admissions is highest on Monday with about 17% and decreases almost monotonically throughout the week to 11.7%, respectively, 11.3% on Saturday, respectively, Sunday. Panel b shows the severity of stroke admissions measured with the NIHSS by day of the week. Contrary to the share of admissions, the severity of cases admitted to the hospital increases significantly throughout the week and peaks on weekends (p value < 0.01, Cuzick's Wilcoxon-type test for trend).
Multivariate analysis
The previous analysis suggests that case-mix is responsible for the observed weekend-effect in stroke outcomes. To test this hypothesis, multivariate logistic regressions, respectively, ordinary least squares regressions with hospital and year-fixed effects and adjustment for sex, age, stroke severity measured by the NIHSS and the availability of a specialized stroke unit are used to investigate the effect of weekend admissions on stroke outcomes. Table 2 shows the results for running two models for each outcome. Model (1) shows the effect of weekend admissions without any adjustments and model (2) shows the adjusted effect of weekend admissions. For all four primary outcome measures (length of hospital stay, in-hospital mortality, 30-day and 90-day all-cause mortality) the significant difference between weekend and weekday admissions disappears when adjusting for case-mix. 2 When running the same regression models for each diagnosis separately, Tables A1-A3 in the Appendix show that the results in Table 2 are primarily driven by patients with a cerebral infarction (I63), whereas for cerebral hemorrhage (I60-I62) and for TIA (G45) also model (1) shows no weekend-effect-except in the case of 90-day mortality of patients with TIA (G45).
Discussion
Summary of findings
The underlying study finds no support for the weekendeffect. Even though the univariate analysis shows that patients with an acute stroke who are admitted to the hospital on weekends in Austria have worse outcomes in terms of mortality and the length of hospital stay in days from admission to discharge, than patients admitted on weekdays, this difference disappears when adjusting for the case-mix in a multivariate regression analysis. In the literature, the weekend-effect has been shown across different settings and diseases. Many studies interpret their findings as evidence for differential health-care quality on weekends compared to weekdays due to reduced availability of specialists during off-hours. The underlying study, however, does not provide any support for this explanation but rather shows that the differences in outcomes are driven by the case-mix admitted to hospitals on weekends. Compared to weekdays, about 25% less stroke patients are admitted to the hospital on weekends Fig. 2 Admissions and patient characteristics at admission by day of the week 2 When using the Barthel index or the Rankin scale instead of the NIHSS as severity measures, the adjusted weekend-effect diminishes in size but still remains significant in some instances indicating that the two alternative severity measures do not capture the same latent variable as the NIHSS. Also the pseudo R-squared is lower when using the Barthel or Rankin instead of the NIHSS indicating lower predictive power of the alternative severity measures which is in line with the findings of Rost et al. [55] . Analysis not shown but available upon request. and these patients are on average older with more severe symptoms and neurological disorders. Therefore, when adjusting for the case-mix in a multivariate regression analysis, the weekend-effect in stroke outcomes disappears.
Comparison to existing literature
The main findings of the underlying study are in line with several other studies not finding support for the weekendeffect when appropriately adjusting the effect on outcomes for the severity of disease [41, 45-47, 49, 51-54] .
Interestingly, various studies interpreting the weekendeffect with a quality of care effect rather than an admission effect, also point out that one of the major limitations is the unavailability of proper severity of illness measures to accurately adjust the effect for case-mix. Reeves et al. [14] , for instance, suggest the necessity of quality improvements during off-hours even if they do not find any evidence for differences in health-care quality between regular workdays and off-hours and at the same time pointing out the lack of stroke severity documentation in the data they used. Similarly, Adil et al. [27] , investigating the weekend-effect in children with stroke using the National Inpatient Sample, an administrative clinical database not providing information on stroke severity, suggest the establishment of comprehensive stroke centers (CSC) for children in their study arguing that CSCs have proven to be effective in reducing the weekend-effect for adults [41] . However, the inexistence of a weekend-effect in Albright et al. [41] , the study the argumentation of Adil et al. [27] is based on, may not be solely ascribable to the existence of CSCs, since, contrary to Adil et al. [27] they adjust their analysis for severity at admission (measured by the NIHSS). An example of a study not analyzing stroke patients, but investigating the weekend-effect for any emergency hospital admission, is provided by Han et al. [38] who acknowledge the possibility of confounding due to the unavailability of severity measures but at the same time recommend the extension of normal hours of operation to all off-hour periods.
What's more, it is important to note that not any measure of severity can accurately represent the true severity of illness and therefore capture all possible confounders related to the case-mix admitted on weekends. As shown by Rost et al. [55] a baseline NIHSS score is the most reliable predictor explaining most of the variation in acute stroke outcomes. In fact, in our case two alternative proxies for the severity of illness are available-the modified Rankin Scale as well as the Barthel Index, both for measuring the degree of dependence in daily activities of stroke patients. However, adjustment for these two severity measures at admission did not disperse the weekend-effect-even though it decreased in size. Also the majority of studies not finding support for the weekendeffect of quality of care use either the NIHSS or another stroke scale such as the Scandinavian Stroke Scale (SSS) which is comparable to the NIHSS in predicting stroke outcomes [58] . Of course, there exist also studies in favor of the quality of care explanation. Examples include the studies by Mohammed et al. [40] and Aylin et al. [33] who show that the weekend-effect also extends to elective surgeries where by design heterogeneities in case-mix by admission can largely-even though not completely-be excluded. Nevertheless, for stroke patients, there is strong evidence that the weekend-effect reported in the literature is most often driven by an admission effect in that patients with a mild stroke do not go to the hospital on weekends and not a quality of care effect and that many studies lacking important data information, state their conclusions too boldly.
Strengths and limitations
One of the main strengths and at the same time limitations of the underlying study represents the data from the stroke registry. Even though the registry combines different data sources over a long time period making it a very rich data set with a lot of important information exceeding most claimsbased studies, it also contains many missing data such that individual variables could not be used in a meaningful way in the underlying study. Beside the day of admission, for instance, the data set contains also the time of admission, but because the documentation of this variable is so poor, we had to rely on a very raw classification of weekend admissions by the day of admission without further differentiating between on and off-hours.
Conclusions
The results of this study indicate that the weekend-effect observed in stroke outcomes in Austria is primarily driven by an admission effect with fewer but more severe admissions on weekends compared to weekdays. One of the reasons why patients with a mild stroke or TIA delay seeking care on weekends, could be the fact that their first contact point represent the practices of general practitioners (GPs) and hence the opening hours of GPs influence the admission of patients to the hospital on weekends. Lasserson et al. [59] , for instance, show in a prospective incidence study, that 73% of patients with a mild stroke or TIA first called their registered practice and hence patients with the onset of symptoms on weekends had a significant higher delay in seeking medical care compared to patients with an event on regular opening hours of GP practices. Also for Austria the first contact point of the general population is normally the GP [60] even though there is no gatekeeping in the Austrian health care system. Because of the importance of timely medical treatment for the reduction of stroke recurrence in case of minor strokes or TIA [61] , it is important to investigate whether the access to primary care should be extended to off-hours, e.g., by the introduction of primary health care centers operating 7 days a week, and/or whether an increase in health literacy of the population could ameliorate the observed admission effect on weekends for stroke patients.
